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Abstract 
Using an experiment, two forms of query creation (SQL and QBE) have been compared from three points of view: the time 
period necessary for forming queries, their correctness, and their authors’ comfort during the formation process. The results were
analyzed using advanced statistical methods. Some of them confirm popular expectations, while others indicate that the 
relationship between the approaches is more complex than expected.  
In the conclusion, the authors indicate how their experimental results can be exploited for the users’ training improvement. 
Keywords: Visual database query language; database end-user’s satisfaction; tacit knowledge. 
1. Introduction 
Programming-like activities allow people to transfer their ideas into commands executable by computers. In the 
terms of Nonaka-Takeuchi’s model (Nonaka &Takeuchi, 1995), programming serves as an example of the transfer 
of tacit knowledge into explicit knowledge. Such transfer is only possible if there is an appropriate notation 
understood by both sides – its sender and its receiver(s). The history of humankind shows plenty of appropriate 
notations for expressing tacit knowledge: alphabets for texts, music notations for melodies, mathematical 
expressions for calculations etc. They evolve with the progression of our knowledge in order to find an optimal way 
for codifying it. For example, the popular notation of integrals () is about three hundred years old (Burton, 1988). 
The history repeats with programming languages. Again, we are looking for notations expressing our intentions 
in optimal ways. “Optimal” may have different interpretations: requiring the shortest time, minimizing the number 
of potential errors, allowing the highest user’s comfort, etc. Due to that, graphic user interfaces (GUI) quickly 
replaced more traditional text-oriented communication. In fact, it has not disappeared; it is only exploited by a 
narrow community of IT professionals now.  
Nonaka-Takeuchi’s model also stresses the fact that a part of humans’ tacit knowledge is codifiable; another one 
is uncodifiable (Nonaka &Takeuchi, 1995). 
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For example, the fact that one is literate does not mean that he/she is capable of enjoying poetry and gets the same 
feeling as its author. The get it, one has to “read between the lines”. 
Tacit knowledge is often divided into “hard” and “soft” one. The hard part can be transferred between individuals 
in its explicit form e.g. by books, manual or instructions. The soft part required understanding the context and can 
hardly be transferred in any other way than by human-to-human interaction. Again the reading a poem can be used 
as an example. If it is about skiing during a cold winter morning, it can hardly be appreciated by someone who never 
experienced a winter. 
It implies that while coding, we put down not only letters but also ideas. A random sequence of letters or words 
hardly becomes a poem; random sequence of commands unlikely turns into a program. To form masterpieces, one 
has to be capable not only to memorize the commands but also to combine their potential into meaningful concepts. 
If commands express their potential in a more transparent manner, they invite more users. It explains the quick and 
overwhelming victory of GUI.  
 GUI belongs among so-called visual languages. A visual language is a set of practices by which images can be 
used to communicate concepts (Herkimer & Burnett, 1997). A visual language manipulates visual information or 
supports visual interaction, or allows programming with visual expressions. The latter is taken to be the definition of 
a visual programming language. (Najork & Golin, 1990). We'll try to avoid using the word "programming" when we 
don't mean to exclude non-programming visual languages. Educators can make two conclusions based on our above 
considerations: 
x Teaching commands is not an equivalent to teaching programming.  
x The learners will appreciate such language that will express its power in a transparent manner. 
In this paper we apply the above concepts into teaching database retrieval skills. Traditional methodology focuses 
on information database internal structure and the syntax of SQL. Comparing with abovementioned knowledge 
management concepts shows that more attention is paid to the hard skills (i.e. to the operational role of SQL in 
database design, development and retrieval) than to the soft skills (i.e. to the formulation of users’ needs, 
comprehension of the function of data in reflections of reality, their exploitation and interpretation). As the hard and 
soft skills are inseparable, educators should prefer tools that combine them to maximum (Hvorecký & Drlík, 2009). 
In our research described below we concentrated on information retrieval, in particular on the transfer of natural-
language-formed user’s questions to queries executable by a database management system (DBMS). There are two 
basic tools for query formation: SQL and QBE (Chang, Costabile & Levialdi, 1993). Whilst SQL is an official 
standard and must be a part of every DBMS, QBE is rather a family of tools (sometimes called QBE-like 
languages). Its syntax is not exactly defined. It is based on a GUI and then translated to SQL – a feature that makes 
QBE “superfluous”. On the other hand, simultaneous existence of QBE and SQL indicates that developers of 
DBMS’s presume that QBE-like language is more user-friendly (Hvorecký & Drlík, 2007). Based on the authors’ 
previous theoretical and experimental results, we formed a new methodology that includes QBE. The methodology 
was tested in university introductory database courses as we would like to develop the abilities in our trainees: 
x To formulate their needs in an exact manner; 
x To understand the necessity to transform them into a prescribed form; 
x To decompose complex tasks into a series of simpler ones; 
x To comprehend that the communication language (SQL or QBE) does not change with the application area. 
It is impossible to compare the power of two complex concepts without discussing their separate features, their 
advantages and drawbacks (Sawyer & Mariani, 1995; Schneiderman, 1978; Vassiliou & Jarke, 1984). As we were 
interested in query creation, we split the problems into five groups G1 to G5 with growing complexity: 
1. Simple queries in a one-table database requiring selection of data based on a property and/or their sorting 
(G1); 
2. Selection of data from several tables a multi-table database (G2); 
3. Aggregate queries in a one-table database (G3); 
4. Aggregation and grouping of data from several tables in a multi-table database (G4); 
5. Nested queries and subqueries (G5).
2. Experiment 
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2. Experiment 
The aim of our experiment was to compare the relationship between the programming tool and the behavior of its 
user. Thus, the query languages (SQL and QBE-like language) were the independent variables.  
We were interested in the objective results as well as subjective feelings of their users during the query creation. 
For the factors (time, accuracy, and users’ satisfaction) became the dependent variables and were monitored (Bell & 
Rowe, 1992). They were measured in the following ways: 
x Time needed for creating the query was measured separately for each task and student. 
x Accuracy was expressed by a semantic difference between the correct answer and the one submitted by the 
student (Reisner, 1981). 
x Satisfaction was quantified using 9-level Likert scale. The students express their satisfaction after completion all 
of their solutions. 
The methodology was tested in a standard way using a test group and a control group. Each group contained 
more than 50 students with comparable knowledge and experience in information sciences. Our experimental plan 
included pre-test and post-test. The pretest confirmed equal levels of prerequisite knowledge in both groups 
(p = 0.330751). The results of the experiment were analyzed using linear models. 
2.1. Verification of the Hypotheses 
We have formulated tree hypotheses. The first two hypotheses were tested using a posttest consisting of the query 
creation and identical for the both groups. The third one was verified using the questionnaire. The hypotheses were 
analyzed using the one-way analysis of variance.
Our first hypothesis stated that the students applying QBE-based approach will need shorter time for query 
formation. The hypothesis has been proved (F(1, 114) = 13.398, p = 0.000383).
The second hypothesis expected that the QBE students will create more accurate queries than those using SQL. 
This hypothesis has not been confirmed. The correctness of students’ queries was almost identical in both groups 
(F(1, 109) = 0.424, p = 0.516098). 
The third hypothesis presumed that the QBE students will feel better comfort during their query creation and 
higher satisfaction with their results. This hypothesis has been confirmed (F(1, 114) = 12.779, p = 0.000515). 
2.2.  The Impact of Time Periods on Query Correctness and Overall Satisfaction 
The verification of the first hypothesis has proved that QBE queries have been made faster. To achieve a more 
detailed picture, we decided to include and investigate an additional factor – the time period necessary for the query 
completion. The analysis of covariance showed another statistically significant difference, different of our 
expectations. If the time for the solutions would be identical, the SQL group responses would be more accurate.  
Based on ANCOVA results, the zero hypothesis – the presumption that there is no statistically significant 
difference between the groups in the precision of the query formation – was rejected at the 99% confidence level 
(F(1, 108) = 11.125, p = 0.001168). It shows that the relation between the covariate – the variable sumT (total time) 
– and dependent variable sumB (total score) – is statistically significant at the 0.01 level (F(1, 108) = 70.169, 
p = 0.000000). 
Similarly, the covariance analysis demonstrated a statistically significant difference between the groups in the 
satisfaction of the query formation even if the time is taken into account. The zero hypothesis stating that there is no 
statistically significant difference between the groups when the time is taken into account could be rejected at the 
95% confidence level (F(1, 113) = 4.947, p = 0.028121). It also shows that the relation between covariate sumT a 
dependent variable vpS (overall satisfaction) is statistically significant at the 0.01 level (F(1, 113) = 19.046, 
p = 0.000028). In this case, the analysis of covariance (p < 0.05) confirms the results of the analysis of variance (p < 
0.01). Figure 1 illustrates the means with error plot showing (a) the correctness of the solution with respect to the 
mean time required for its creation and (b) the overall satisfaction of the user with respect to the mean time required 
for its creation. 
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Figure 1. The means with error plot showing a) the correctness of the solution with respect to the mean time required for its creation; b) the 
overall satisfaction of the user with respect to the mean time required for its creation. 
2.3. Similarities and Differences among the Groups of Queries 
2.3.1. Repeated Measures Comparison of the Groups of Queries 
The most interested results have been generated by ANOVA repeated measures. They helped us to show 
statistically significant differences between combinations of variables (time, accuracy, and satisfaction) and the level 
of task difficulty. Here, the division of problems into the categories G1-G5 played its role, too. 
Based on ANOVA repeated measures three zero hypotheses were rejected at the 99% confidence level. They 
stated that (a) there is not statistically significant difference between the groups of query types in the time duration 
(F(4, 456) = 81.218, p = 0.000000), (b) in the precision of solutions (F(4, 456) = 17.995, p = 0.000000) and (c) in 
the students’ overall satisfaction (F(4, 456) = 83.053, p = 0.000000). In other words, there are statistical differences 
between particular types of queries. 
In order to identify homogeneous groups of query types, we used multiple comparisons (Fisher LSD test) for 
their clustering in accordance to average time, average precision of solution and average overall satisfaction with 
particular types of queries (Table 1).     
The analysis showed that the groups G2 and G3 are perceived identically in the terms of all three variables: time 
duration, precision of solution, and satisfaction. The next homogenous group is composed of G1 and G3; in this 
case, their time duration and overall satisfaction correspond. On the other hand, a statistically significant difference 
in the term of end-user’s overall satisfaction (p < 0.05) has been proven. The groups G4 and G5 create last identified 
homogeneous group of query types. The end-users perceived this pair of query types being same from the point of 
view of their overall precision of solutions but there was a statistically significant difference (p < 0.05) in the terms 
of time duration and overall satisfaction.          
Table 1. Homogeneous groups of the query types for a) time duration, b) precision of solution and c) overall satisfaction.
a)       b)      c)      
Time Mean 1 2 3 4  Score Mean 1 2 3  Satisfaction Mean 1 2 3 4 
G1 153.27 ****        G5 67.17 ****      G5 4.77   ****     
G3 171.34 **** ****      G4 67.89 ****      G4 5.55     ****   
G2 188.96   ****      G2 80.26   ****    G3 6.58 ****       
G4 265.11     ****    G3 83.62   **** ****  G2 6.80 ****       
G5 306.76       ****  G1 88.97     ****  G1 7.79       ****
a) Covariate means sumT = 3893,892 b) Covariate means sumT = 4018,353 
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2.3.2. Comparison of the Groups of Queries Considering the Used User Interface 
We have obtained other interesting results using Tukey HSD test (Unequal N). They refer to the relationship 
between the categories of tasks separately in the test and control groups. 
The natural presumption that the more difficult tasks require more time to solve has been confirmed 
(F(4, 456) = 19.323, p = 0.000000) within the both groups. Figure 2a indicates the statistically significant 
differences between periods necessary for the query creation and selected combinations of time and category of the 
task. Each line corresponds to one of the groups.  
We were also interested in the differences between time periods spent on the same tasks. The most significant 
differences appear between the groups G2 (p = 0.005693) and G3 (p = 0.611760) but a statistically significant 
difference (p < 0.01) has been proved in the case of G2 only. It implies that the time for creating QBE queries with a 
single condition in multi-table databases is significantly shorter than that of similar queries in SQL. There is also an 
observable difference between the G3 tasks (aggregated queries) but it was not statistically significant (p > 0.05). 
Another statistically significant difference has been noticed between the precision of solutions and the query type 
in the both groups. The zero hypothesis stating that there is no significant difference was rejected (F(4, 456) = 
 0.977, p = 0.019059). Thus, there is a strong relationship between the precision of the solution and the task 
difficulty – see Figure 2b. The picture indicates a difference between some problem groups (QBE vs. SQL) – in 
particular G1 (p = 0.992792) and G3 (p = 0.948587) – but they are not statistically significant (p > 0.05).
Finally, we focused on the relationship between overall satisfaction of the users and the query type. Overall 
satisfaction of end-users is decreasing with increasing complexity of queries (Figure 3). One could anticipate this 
effect – its relevance to the subjective nature of this variable is obvious. If the end-user has to make greater effort to 
understand the merits of the task and used interface that does not offer sufficiently simple solution, his/her 
satisfaction would be on decline. 
Figure.2 Categorized means with error plot for repeated measures of a) time periods, b) precision of solutions. 
Based on ANOVA repeated measures results, there is a statistically significant difference between overall end-
user’s satisfaction and different types of queries in the both groups (F(4, 456) = 13.193, p = 0.000000). There are 
apparent differences in overall satisfaction of the user in favor of QBE-like graphical user interface in tasks from the 
groups G2 and G3 (Figure 3). A statistically significant difference (p < 0.05) has been proved in the case G2 (p = 
0.015005).
a) b)
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Figure.3 Categorized means with error plot for repeated measures of overall satisfaction of the user. 
3. Discussion 
The experimental results described in the previous chapter uncover interesting relations between miscellaneous 
types of database queries from the end-user’s perspective of view. What are their consequences for planning our 
future training methodology? First, some results have been expected or “unofficially known” (Catarci & Santucci, 
1995a; Catarci, & Santucci, 1995b). For example, we have proven apparent contribution of the QBE-like languages 
(or GUIs) for easier formulation of join and aggregation types of queries. On one side, the homogeneous groups G2
(Selection of data from several tables a multi-table database) and G3 (Aggregate queries in a one-table database) are 
perceived likewise in the term of time duration, precision of solution and overall satisfaction; on the other side, there 
are statistically significant differences between their graphical and textual formation. 
The homogenous group G4 (aggregation and grouping of data from several tables in a multi-table database) and 
G5 (Nested queries and subqueries) represent a challenge to interface designers. Both require extensive efforts of 
their creators. They must first demonstrate substantial knowledge of logical thinking to specify and design an 
appropriate evaluation method. In the next step, they have to apply their algorithmic thinking to formulate final 
query in particular user interface. Thus, the main source of difficulty is not rooted in the choice of language (SQL or 
QBE) but in the semantic level of the task. The challenge consists of designing a graphic-oriented method that might 
simplify their creation. 
Finally, we would like to comment the reliability of our outcomes. They could have been affected by several 
factors. First of all, the participants’ selection might be questioned. The group consisted of the students of our 
preliminary database courses. Their characteristics may differ from typical end-user in non-academic environments. 
On the other hand, other surveys in the same field (Chan, Wei & Siau, 1994; Chan, Siau, & Wei, 1997; Owei, 
Navathe & Rhee, 2002; Yen & Scamell, 1993) applied a similar approximation of “end-user” and their conclusions 
have been accepted as relevant. 
The second factor is the number of the participants in the experimental and controlled group. Although it may 
seem sufficient, it is evident that with greater number of participants the results would become more general. The 
same argument applies to the repetition(s) of the experiment. We could not afford such numbers considering (a) the 
size of our institution (b) regular changes in the syllabus that exclude prolongation of the identical content over 
several consecutive years. The different complexity of the tasks is another factor that might have effect on the 
experimental results. From the very beginning, we understood that tasks leading to subqueries may affect the overall 
reliability of some results of our test. They are much more complex than other four types of tasks. Their extreme 
complexity could therefore affect the overall end-user’s satisfaction. As they are very frequent in day-to-day 
situations, we decided to include them to the test despite the above reservation. 
We cannot forget in this discussion the limited duration of individual tasks as well as of the entire testing 
procedure.
Conclusion
References 
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Although we took sufficient free float for each task, the clock displayed on the screen could have affected 
participant’s activity and disturbed his/her overall satisfaction.  
4. Conclusion
In this paper, two principal methods of query creation have been discussed. Based on the experimental results, 
one can conclude that QBE as a form of graphic user interface speeds up the process and leads to higher user’s 
satisfaction. The outcomes are of a similar level of correctness compared to those achieved by SQL. On the other 
hand, the differences are significantly different only for the medium-difficulty tasks. With an exaggeration, one can 
say that “the easy tasks are similarly easy, whilst the difficult tasks are similarly difficult”. This opens two 
challenges targeting the “user-friendly” end-user training: 
1. If the trainees are not going to be frequent (semi-professional) users in the future, QBE is to be 
recommended as a more appropriate tool for their training. Our results indicate that they will likely progress 
faster and with higher comfort. 
2. Designing and developing a graphic-oriented (QBE-like) tool for simplified creation of the most difficult 
tasks (in particular, of subqueries and complex aggregations) might be a welcome achievement that would 
help to both students and instructors. 
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